Numerous efforts to substitute TNT as the melt-cast matrix in explosive charges are ongoing due to its low performance and security issues. In this study the syntheses and full structural as well as spectroscopic characterizations of 2-nitrazapropyl substituted polynitroazoles, as potential melt-cast explosives, are presented. This straightforward method of derivatizing the heterocyclic N-H function by introducing a further energetic group improved the stability and energetic properties of the products.
Introduction
Melt-cast explosives are used in mortars, grenades and artillery shells and also in civil applications, e.g. for mining and demolition. Nowadays, the melt-cast technology is based on 2,4,6-trinitrotoluene (TNT), 2,4-dinitroanisole (DNAN) and 1, 3, , the structures of which are depicted in Fig. 1 . In general, the melt-cast explosives are molten in kettles heated at 80 to 120 1C with hot water or steam ingredients. 1 Therefore, an ideal melt-cast explosive or its formulations should have a low melting point (70-120 1C), a sufficient separation of melting and decomposition processes, a low vapor pressure to diminish the inhalation toxicity and a higher density and better performance than the explosives already used. Furthermore, for processing, the melt-cast explosives should show no shrinking or cracking on cooling and no separation from the shell or casing. The drawbacks of TNT include its low performance (V det = 7300 m s À1 ) and the fact that its formulations are weak, brittle and prone to cracking, which increases impact sensitivities and exudation, and leads to dimensional instability with regard to thermal cycling. 2 DNAN does not show a toxicity drawback, which the manufacturing of TNT also possesses, and it is less sensitive than TNT, but its performance is lower. Formulations of TNAZ show issues concerning sensitivities and the ability of the melt-cast process to perform crack-free and tensionfree castings. 1 Therefore, the development of new melt-cast and diminish the hygroscopicity is the N-alkylation of the nitro groups by methylation or the introduction of alkyl chains, which leads to better stabilities and compatibilities in formulations of explosive charges. 4a,7 Alkylation using nitramine-containing side groups is an interesting strategy proposed for improving the energetic properties because the nitramine group may take part in intermolecular interactions as the acceptor and donor for hydrogen bonds as well as for dipolar NÁ Á ÁO and CÁ Á ÁO interactions, which should result in higher densities in comparison to the methylated derivatives. 8 The linkage of two equal azoles by nucleophilic substitution of 1,3-dichloro-2-nitrazapropane with the corresponding potassium salts of nitrated azoles has been investigated in different research groups, 7c,i,9 based on to studies of Bottaro and Highsmith. 10 The resulting open-chain nitramines showed high thermal stabilities, high detonation performances and varying sensitivities towards impact and friction but unfortunately they did not melt before decomposition. Therefore, it was concluded that a nitramine function should be introduced without linking the azoles. Preliminary results using 1-chloro-2-nitrazapropane and the in situ double-deprotonated 3-nitro-1,2,4-triazol-5-one as well as various deprotonated tetrazole derivatives (as azole building blocks) revealed promising properties, especially in regard to thermal behavior, melting before decomposing.
9,11
We now present an extended study of our current work combining the advantages of highly nitrated azoles and nitramines by alkylation of the N-H function with 1-chloro-2-nitrazapropane to obtain potential melt-cast explosives.
Results and discussion
Syntheses 1-Chloro-2-nitrazapropane was synthesized in two steps as shown in Scheme 1. 11 After the nitration of 1,3,5-trimethylhexahydro-1,3,5-triazine, the conversion of 2-nitro-2-azapropyl acetate to 1-chloro-2-nitrazapropane was carried out by heating under reflux with thionyl chloride in dichloromethane and with catalytic amounts of acetic acid and sulfuric acid. The appropriate nitrogen-rich heterocycles were obtained from literature-reported procedures 4a,10b,12 and were generally converted to the corresponding potassium salts by using potassium hydroxide. The alkylation of the potassium salts with 1-chloro-2-nitrazapropane in aprotic solvents such as acetone or acetonitrile yielded the desired energetic nitramines as depicted in Scheme 2. In contrast to 1-(3-nitro-1H-1,2,4-triazol-5-on-4-yl)-2-nitrazapropane (1), which was synthesized from the mono potassium salt, the twice alkylated 2 was obtained from the in situ deprotonated free acid 3-nitro-1,2,4-triazol-5-one (NTO) using triethylamine as the base.
Various studies concerning the chemical stability of alkylated dinitrotriazoles show elimination of nitrite and formation of NTO derivatives and bistriazolyl systems under basic reaction conditions. 13 Thus, the alkylation of potassium 3,5-dinitro-1,2,4-triazolate was carried out at ambient temperature and in stoichiometric amounts to avoid the elimination of nitrite. The nucleophilic substitution of 1-chloro-2-nitrazapropane with the potassium salt of 5-amino-3-nitro-1,2,4-triazole (ANTA) took place at the endocyclic nitrogen atom to yield nitramine 4, selectively. Potassium 3,3 0 -dinitro-5,5 0 -bi (1,2,4-triazolate) was alkylated twice at the nitrogen atoms N1/N1 0 to afford nitramine 5.
Furthermore, the symmetric and asymmetric dinitroimidazole and symmetric dinitropyrazole derivatives were successfully alkylated to yield nitramines 6, 7, and 8, respectively. The reaction velocity of the synthesis of 8 was optimized by a Finkelstein halogen-exchange using sodium bromide.
Two different substituted nitramines were formed by the alkylation of the potassium 3,4-dinitropyrazolate. The alkylation at N1 of 3,4-dinitropyrazole afforded the desired nitramine 9. The formation of the other bipyrazolyl based nitramine (10) is caused by the high electrophilicity of the C3 position, which leads to a loss of the nitro group.
14 The supposed intermediate, the existing 3-chloro-4-nitropyrazolate, 15 reacted with another equivalent of potassium 3,4-dinitropyrazolate, thereby forming the 3,4,4 0 -trinitro-1,3 0 -bipyrazolyl system of nitramine 10. The dependence of the regioselectivity of the alkylation of 3,4-dinitropyrazole on the reaction temperature was studied, revealing that the alkylation at N1 is preferred at low temperatures. The relative ratio of nitramines 9 and 10 was determined by the intensities of the 1 H NMR spectra with a reaction time of 24 h at 25 1C (84 : 16) and 82 1C (66 : 34). The isolated yields are not related to the reported ratio of intensities of the 1 H NMR spectra, due to partial decomposition during purification by column chromatography, which also led to very low yields. The same reaction behavior was also observed for the nucleophilic substitution of 1,3-dichloro-2-nitrazapropane with potassium 3,4-dinitropyrazolate as reported previously.
7c Prior to the presented synthesis route for bipyrazolyl systems, they were solely available by cine substitutions starting from 1,4-dinitropyrazole derivatives.
16
The nucleophilic substitution of 1-chloro-2-nitrazapropane with potassium 3,4,5-trinitropyrazolate afforded the 5-chloro-3,4-dinitropyrazolate substituted nitramine 11 due to the specific reactivity of the C5 position towards nucleophiles. This behavior has already been studied by Dalinger et al. for nucleophilic substitution reactions with methylated 3,4,5-trinitropyrazole. 17 The reaction of 1-chloro-2-nitrazapropane with potassium 4-amino-3,5-dinitropyrazolate in acetone at ambient conditions afforded 12 in good yield.
Spectroscopy
Vibrational spectroscopic studies of all synthesized compounds were performed with IR and Raman spectroscopy and the frequencies were assigned according to the literature. 18 The resonance signals of the aromatic C-NO 2 and the N-NO 2 nitro group nitrogens are observed in the 14 N NMR from À18 ppm to À37 ppm. An unambiguous assignment of these signals is difficult because of their similar shifts. Two-dimensional NMR spectra (HMBC) of 10 were recorded for an unambiguous assignment of the protons and carbon atoms of the 3,4,4 0 -trinitro-1,3 0 -bipyrazole system (Fig. S1 , ESI ‡). The assignment is given in Fig. 2 . The C-H resonance (no. 3) of the nitramine alkylated pyrazole ring is shifted upfield in comparison to the C-H resonance of 9, whereas C-H resonance no. 6 is shifted downfield, because of the neighboring electron-withdrawing substituted pyrazolyl substituent. The methyl and methylene proton resonances of 10 are in the same range as the ones of 9. Additionally, the assignment of the carbon atoms is given in Fig. 2 . 
Crystal structures
All presented compounds were also characterized by lowtemperature single-crystal X-ray diffraction. Their molecular structures are depicted in Fig. 3 . Selected data and parameters of the measurements and refinements are summarized in Tables S13 to S15 in the ESI. ‡ Nitramine 1 crystallizes from acetone/dichloromethane in the monoclinic space group P2 1 with two formula units per unit cell and a density of 1.721 g cm The C-NO 2 function is twisted out of the triazole plane by 20.41, in contrast to the almost planar structure in NTO. This twisting enables various intermolecular interactions within the crystal structure of 1. Due to the high acidity of the protons of the 2-nitrazapropyl substituent, non-classical C-HÁ Á ÁO and C-HÁ Á ÁN hydrogen bonds are formed. Furthermore, high-grade directed dipolar NÁ Á ÁO and CÁ Á ÁO interactions are observed in the range from 2.869-2.970 Å. These dipolar interactions of O2 to the C2-N4 bond are supported by the twisting of the C-NO 2 group. The interactions are summarized in Table S1 (ESI ‡). The layer-like packing of 1 is formed by an intermolecular hydrogen bond of the acidic N-H function and the oxygen of the g-lactam system. The layers are connected by weak non-classical hydrogen bonds between the terminal methyl group and the nitro groups, whereas the non-classical hydrogen bond C3-H3AÁ Á ÁN2 is found within one layer. The dipolar N6Á Á ÁO2 interaction of 2.970 Å is observed in between the layers. Similar interactions are observed in the crystal structure of nitramine 2 as listed in Table S2 (ESI ‡). The crystal structures of the other 1,2,4-triazole based nitramines 3-5 are supported by several non-classical hydrogen bonds and additionally by either classical hydrogen bonds (4) or various dipolar interactions (nitramines 3 and 5) as summarized in Tables S3 to S5 (ESI ‡). The structure of nitramine 5 shows C 2 symmetry perpendicular to the C1-C1 i axis and its triazole rings are twisted by 26.1(1)1. Its crystal structure is depicted in Fig. S8 (ESI ‡). The molecules of one layer are connected by a dipolar CÁ Á ÁO interaction (C3Á Á ÁO4: 2.920(2) Å) (Fig. 5 ). The 4,5-dinitroimidazolyl based nitramine 7 crystallizes with a higher crystal density of 1.767 g cm À3 than that of the 2,4-dinitroimidazole based 6 (1.735 g cm
À3
) at 173 K. Furthermore, a greater extent of non-classical hydrogen bonding and dipolar interactions is observed within the crystal structure of 7 than in that of 6 (Tables S6 and S7 , ESI ‡). The crystal structures of the two dinitropyrazolyl based nitramines 8 and 9 are supported by various non-classical hydrogen bonds, and dipolar NÁ Á ÁO and CÁ Á ÁO interactions with distances below the sum of the corresponding van der Waals radii (Tables S8 and S9 , ESI ‡).
1-(3,4,4 (10) crystallizes from dichloromethane in the triclinic space group P% 1 with two formula units per unit cell and a crystal density of 1.731 g cm À3 at 173 K. The molecular structure of 10 is depicted in Fig. 6 . The pyrazole rings are twisted by 55.86(6)1. The almost perpendicular twists of the nitro groups N7 and N8 are caused by the steric repulsion of the neighboring nitro group, which thereby takes part in intra-and intermolecular interactions. The pyrazole N-N bond lengths of 1.367(2) Å and 1.379(2) Å are elongated in comparison to the nitramine N-N bond length of 1.358(2) Å. The alignment of 10 within the crystal structure is formed by non-classical hydrogen bonds. The C-H functions of the bipyrazolyl system and the methylene protons interact with the nitro groups and the nitrogen atoms of the bipyrazole due to their high acidity (Table S10 , ESI ‡). In addition to the non-classical hydrogen bonds, dipolar high-grade directed NÁ Á ÁO and CÁ Á ÁO interactions of oxygen O8 are observed, which are shorter than the corresponding sum of the van der Waals radii.
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The neighboring nitro groups of nitramine 11 are less twisted than those of 10. The oxygen atoms of the nitro group N6 as well as the nitramine group are involved in non-classical hydrogen bonds and additionally dipolar interactions are observed (Table S11 , ESI ‡).
1-(4-Amino-3,5-dinitropyrazol-1-yl)-2-nitrazapropane (12) crystallizes from acetonitrile/dichloromethane in the monoclinic space group P2 1 /c with four formula units per unit cell. The bond lengths and angles in the pyrazole ring are similar to the corresponding ones in the nitramine alkylated ring of the bipyrazolyl system 10. In contrast to the crystal structure of 1-chloro-2-nitrazapropane, 23 the nitramine nitro group is nonplanar with the C4-C5-N7 plane, but twisted out of the plane by 5.9(1)1. The pyrazolyl ring is turned out of the CNC-plane by 58.11 (5)1. Due to the spatial arrangement of the nitramine group, various intramolecular non-classical hydrogen bonds and electrostatic interactions are formed, involving the methyl and methylene groups as donors and the nitramine nitro group as well as the O4 of the C-bonded nitro group as acceptors (Fig. 7 ). These and further selected interactions are listed in Table 2 . The amino group is twisted out of the pyrazole ring by 3.65(3)1, whereas the nitro groups are almost in plane with a twist of less than 0.51. These twists enable two intramolecular classical hydrogen bonds of 2.1781(16) Å and 2.2521(17) Å. Furthermore, intramolecular dipolar NÁ Á ÁO and CÁ Á ÁO interactions considerably below the sum of the van der Waals radii are observed. The unit cell and crystal structure are shown in Fig. S16 (ESI ‡). The crystal structure consists of two different layers, which are opposed and staggered to each other. The layers are connected by a large number of non-classical and classical hydrogen bonds with a range from 2.40-2.60 Å.
Remarkably, there is a very uncommon four-center bond, which is formed by proton H1 of the amino group interacting intermolecularly with oxygen atoms O3 and O2 and with another O2. In addition to the intermolecular hydrogen bonds, an intermolecular dipolar CÁ Á ÁO interaction between C3 and O1 of 3.0179(17) Å is observed. The high number of intra-and intermolecular interactions leads to the high density of 1.820 g cm À3 at 173 K, which is the highest of all the herein presented nitramines.
Thermal stabilities, sensitivities and energetic properties
The thermal behavior of all the presented compounds was investigated by differential scanning calorimetry (DSC) ( Table 3) . With the exception of 1-(3-nitro-1H-1,2,4-triazol-5-on-4-yl)-2-nitrazapropane (1), all nitramines melt before decomposition. For potential applications as energetic ingredients, a thermal stability above 180 1C is desired, which is achieved by the majority of the compounds. They show thermal stabilities from 151 1C to 264 1C.
Especially for melt-cast applications the pyrazole based nitramines 8-11 and 2 are of great interest; all of these melt below 140 1C and reach 80-150 1C before decomposition. In general, the pyrazole based nitramines 8-12 show higher thermal stabilities than the imidazole based nitramines 6 and 7. The replacement of one nitro group in 1-(3,5-dinitro-1,2,4-triazol-1-yl)-2-nitrazapropane (3) by an amino group (4) leads to an increase in thermal stability of almost 60 1C. The same effect is observed for the thermal stability of the twice alkylated 3-nitro-1,2,4-triazol-5-one 2 in comparison to the mono alkylated 1.
The impact, friction and electrostatic discharge sensitivity tests were carried out for initial safety testing according to BAM methods. 24 All presented nitramines are sensitive towards friction, with the exception of 1-(4-amino-3,5-dinitropyrazol-1-yl)-2-nitrazapropane (12). The impact sensitivities of the 1,2,4-triazolyl based nitramines differ strongly depending on the substituents and vary from sensitive to insensitive. Therefore, the twice alkylated NTO derivative 2 as well as 1-(5-amino-3-nitro-1,2,4-triazol-1-yl)-2-nitrazapropane (4) and the bitriazole 5 are insensitive towards impact, whereas 1 and 3 show sensitivities of 10 J and 7 J. The 2,4-dinitroimidazolyl nitramine 6 is less sensitive than the 4,5-dinitroimidazolyl nitramine 7; they show impact sensitivities of 38 J and 25 J, respectively. The pyrazolyl based derivatives are insensitive towards impact, with the exception of 1-(3,5-dinitropyrazol-1-yl)-2-nitrazapropane (8) (19 J). The electrostatic sensitivities of all presented compounds are within the range of 0.25-0.6 J and so are greater than the values (0.005-0.02 J) that the human body can release. 25 In comparison to TNT, the synthesized nitramines mainly show lower impact sensitivities but increased sensitivities towards friction. In the first instance, the performance characteristics of new energetic materials are calculated to evaluate their utility for possible applications. The detonation parameters of all presented nitramines were calculated using the EXPLO5 (version 6.02) computer code. 26 The calculations were performed using the maximum densities at 25 1C and the calculated enthalpies of formation. Enthalpies of formation were calculated using the atomization method, with CBS-4M 27 based electronic enthalpies computed with the Gaussian 09 A.02 program. 28 Gas phase enthalpies were transformed to solid state enthalpies by Trouton's rule, by substracting the corresponding enthalpies of sublimation from the gas-phase enthalpies. 29 If the compound had no melting point, the decomposition point was used instead to transform the gas phase enthalpy to the solid state enthalpy by Trouton's rule. The crystal densities at low temperature were corrected to the corresponding crystal densities at 298 K using eqn (1) and the a v coefficient of volume expansion from the related nitramine HMX (a v = 1.6 Â 10 À4 K
30
).
The energetic properties of all presented compounds are summarized in Table 3 . The calculated detonation velocities (V det ) of all compounds range from 7788 m s À1 to 8482 m s À1 . The detonation pressures ( p CJ ) of the nitramines at the ChapmanJouguet point are calculated in the range from 235 kbar to 298 kbar. All nitramines show improved detonation performances in comparison to the widely used melt-cast explosives TNT and DNAN. Most promising for potential applications as TNT replacements in melt-cast formulations are nitramines 2, 6, 8 and 9 with regard to their thermal behavior, sensitivities and performance.
Furthermore, 1-(3,5-dinitro-1,2,4-triazol-1-yl)-2-nitrazaprop-ane (3) and 1-(4-amino-3,5-dinitropyrazol-1-yl)-2-nitrazaprop-ane (12) Fig. 7 Selected hydrogen bonds within the crystal structure of 12 including a four-center hydrogen bond formed by proton H1 with two different oxygen atoms O2, and oxygen O3. could be of potential use for energetic applications, since they show performances comparable to that of pentaerythritol tetranitrate (PETN) while possessing lower sensitivities.
Conclusions
Nucleophilic substitution of 1-chloro-2-nitrazapropane with nitro-substituted azoles afforded various open-chain nitramines, as reported herein. The alkylation of 3,4-dinitro-pyrazole yielded not only the desired nitramine 9 but also the alkylated bipyrazolyl system 10. Prior to this reaction, bipyrazolyl systems were solely obtained by cine substitutions. The crystal structures of all compounds were determined by low-temperature single-crystal X-ray diffraction and deliver insight into structural characteristics. A plurality of hydrogen bonds and dipolar CÁ Á ÁO and NÁ Á ÁO interactions is observed within each crystal structure, which leads to higher densities compared to the known crystal structures of the methylated parent compounds. In particular, within the crystal structure of 1-(4-amino-3,5-dinitropyrazol-1-yl)-2-nitrazapropane (12), an abundance of intra-and intermolecular interactions is observed, which leads to the highest density (1.82 g cm
À3
) of the herein presented nitramines. With the exception of 1, all nitramines melt before decomposition. The decomposition temperatures range from 151 to 264 1C. The thermally most stable compound is the bipyrazolyl nitramine 10. Due to the comparatively low melting points of nitramines 2 and 8-11 (o135 1C) and their considerably higher decomposition points, they are promising as potential melt-cast explosives.
Sensitivities towards impact, friction and electrostatic discharge were investigated by BAM methods. Compounds 1, 3 and 6-8 are found to be sensitive towards impact, while the others are insensitive. All compounds are sensitive towards friction with values between 96 N and 288 N, with the exception of 12 (4360 N, insensitive); these sensitivities are mainly in the range of RDX and PETN or even improved. The nitramines show calculated performances with detonation velocities in the range from 7788-8482 m s À1 and detonation pressures between 235-305 kbar.
Nitramines 3 and 12 exhibit performances comparable to PETN, accompanied by lower sensitivities towards impact and friction. However, their thermal stabilities are lower than 180 1C. Therefore, the most promising compounds for potential applications as energetic materials with regard to their sensitivities and performances are the imidazolyl based nitramines 6 and 7. The most promising potential TNT replacements are nitramines 2, 6 and 8, taking into account their syntheses, sensitivities, energetic performances and, especially, their thermal behaviors.
Experimental section

Caution
All materials prepared are energetic compounds with sensitivities to various stimuli. While we encountered no issues in the handling of these materials, proper protective measures (face shield, ear protection, body armor, Kevlar gloves and earthed equipment) should be used at all times.
General methods
All reagents and solvents were used as received (Sigma-Aldrich, Fluka, Acros Organics), if not stated otherwise. 5-Nitro-2,4-dihydro-1,2,4-triazol-3-one, 12k 3,5-dinitro-1,2,4-tri-azole, 10b 5-amino-3-nitro-1,2,4-triazole, C NMR. Infrared spectra were measured with a PerkinElmer BX FT-IR spectrometer on a Smiths DuraSamplIR II diamond ATR unit at ambient temperature. The following abbreviations are used to characterize the relative signal intensities: vs (very strong), s (strong), m (medium), w (weak), vw (very weak) and br (broad). Raman spectra were recorded on a Bruker BAN II using a Nd:YAG laser (l = 1064 nm) with a laser output of 300 mW. The vibrational spectroscopy data is given in the ESI. ‡ Lowresolution mass spectra were recorded on a JEOL MStation JMS 700. Elemental analyses were performed on a Vario EL and a Vario Micro from Elementar Company. Sensitivity data were determined using a BAM drophammer and a BAM friction tester. The electrostatic sensitivity tests were carried out using an Electric Spark Tester ESD 2010 EN from OZM Research. Single-crystal X-ray diffraction studies were performed on an Oxford Diffraction XCalibur 3 diffractometer with a Kappa CCD detector using monochromatic molybdenum K a radiation (l = 0.71073 Å). The data collection was realized by using CrysAlisPro software.
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The structures were solved with SIR-92 implemented in the program package WinGX 32 and finally checked using Platon.
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The EXPLO5 program is based on the steady-state model of equilibrium and uses the Becker-Kistiakowsky-Wilson equation of state (BKW EOS) for gaseous detonation products and the CowanFickett EOS for solid carbon. 34 It is designed to enable the calculation of detonation parameters at the Chapman-Jouguet point.
Syntheses
1-(3-Nitro-1H-1,2,4-triazol-5-on-4-yl)-2-nitrazapropane (1). To a solution of potassium 3-nitro-1,2,4-triazolat-5-one mono-hydrate (2.86 g, 15.36 mmol) in acetone (30 mL) was added dropwise 1-chloro-2-nitrazapropane (1.91 g, 15. 36 mmol) dissolved in acetone (10 mL) by stirring at ambient temperature. The reaction mixture was stirred overnight and the inorganic solid was filtered off. The organic layer was concentrated in vacuo to afford a pale yellow solid. The crude product was washed with ethanol (10 mL) and hot water (10 mL) to yield 1 (437 mg, 2.00 mmol, 13%) as a colorless solid.
DSC: 2,4-triazol-5-one (2) . To a solution of 5-nitro-2,4-dihydro-1,2,4-triazol-3-one (214 mg, 1.64 mmol) in acetone (10 mL) was added dropwise a solution of triethylamine (331 mg, 3.27 mmol) in acetone (1 mL). After 5 min of stirring, 1-chloro-2-nitrazapropane (610 mg, 4.90 mmol) was added. The reaction mixture was stirred overnight at ambient temperature and the formed inorganic solid was filtered off. The organic layer was concentrated in vacuo and the yellow oily crude product was treated with dichloromethane. The resulting solid was washed with diethyl ether and air-dried to afford colorless 2 (166 mg, 0.54 mmol, 33% 1-(3,5-Dinitro-1,2,4-triazol-1-yl)-2-nitrazapropane (3). To a solution of 1-chloro-2-nitrazapropane (400 mg, 2.52 mmol) in acetonitrile (5 mL) was added potassium 3, 5-dinitrotriazolate dihydrate (744 mg, 3.19 mmol) . The reaction mixture was stirred for 24 h at ambient temperature. The formed precipitate was filtered off and the organic layer was removed in vacuo. The oily crude product was purified by washing with ethanol (10 mL 1-(2,4-Dinitroimidazol-1-yl)-2-nitrazapropane (6) . To a solution of potassium 2,4-dinitroimidazolate (530 mg, 2.70 mmol) in acetone (10 mL) was added dropwise 1-chloro-2-nitrazapropane (333 mg, 2.67 mmol) in acetone (1 mL). The reaction mixture was stirred at 50 1C overnight and the formed precipitate was filtered off. The organic layer was concentrated in vacuo and the crude product was purified by washing with ethanol. The yellow solid was filtered off to afford 6 (390 mg, 1.58 mmol, 59% 1-(4,5-Dinitroimidazol-1-yl)-2-nitrazapropane (7). To a solution of 1-chloro-2-nitrazapropane (262 mg, 2.10 mmol) in acetonitrile (15 mL) was added potassium 4,5-dinitro-imidazolate (412 mg, 2.10 mmol). The reaction mixture was stirred at 50 1C overnight and the precipitate was filtered off. The organic layer was removed in vacuo and the crude product was washed with ethanol. After drying in air, 7 (440 mg, 1.79 mmol, 85%) was obtained as a colorless solid. DSC: T melt = 142 1C, T dec = 190 1C. EA (C 5 1-(3,4-Dinitropyrazol-1-yl)-2-nitrazapropane (9). To a suspension of potassium 3,4-dinitropyrazolate (1.00 g, 4.31 mmol) and sodium bromide (0.44 g, 4.31 mmol) in acetonitrile was added 1-chloro-2-nitrazapropane (0.54 g, 4.31 mmol) dissolved in acetonitrile. After two days of stirring at ambient temperature, the inorganic solid was filtered off. The organic layer was concentrated in vacuo and purified via column chromatography (silica gel, ethyl acetate/ i-hexane (70 : 30) 10 was obtained as a side product by the synthesis of 9.
